ABSTRACT
INTRODUCTION
Eccentric exercise is one type of resistance exercise that often cause pain and muscle fatigue. This is because, when performing eccentric exercises, muscles undergo maximum elongation in order to generate maximum power (Burnley et al 2010) . In addition, during he eccentric exercise there is an increase in tension of the muscle compared to isometric or isotonic exercise. The resulting stress resulted in frequent damage and reduction in muscle strength (Bompa 1999) .
Glutamine supplements are known to maintain muscle protein levels and play a role in immunity (Roth 2008) . Glutamine supplements can also improve muscle weakness due to inflammation that occurs after eccentric exercise (Paulsen et al 2010) . Recent studies have found that glutamine supplements are highly effective in reducing muscle fatigue as indicated by increased muscle strength after eccentric exercise (Street et al 2011) .
Therefore, this study was conducted to determine the effect of glutamine supplementation on the reduction of muscle fatigue after eccentric exercise. In this study the assessment of muscle fatigue was performed by indirect method, ie measurement of muscle strength and joint ROM. The measured muscle strength was in leg muscle, while the ROM was measured at knee joint (flexion and extension).
MATERIALS AND METHODS
This study was a laboratory experimental study with randomized group pre-test and post-test design. Subjects in this study were students of PJKR, IKIP Budi Utomo, Malang, which were randomly divided into 2 groups, the control group (K1) and treatment group (K2). Prior to data collection, the subjects were asked to fast for 8 hours while still consuming mineral water. Then, the initial measurement (pre test) of leg muscle strength and knee joint ROM was performed. After the pre-test was done, the subjects were given breakfast with the same amount and type before performing eccentric activity. Furthermore, 2 hours after breakfast, the subjects performed eccentric activity in the form of drop jump activity (up and down stool as high as 50 cm) as much as 10 reps and 10 sets with intervals of 1 minute per set. One hour after eccentric activity, limb leg muscle strength and knee joint ROM were measured in both study groups (post-test 1). Immediately after post-test 1, the administration of glutamine was performed in the treatment group and mineral water in the control group. Furthermore, measurements of leg muscle strength and knee joint ROM were performed 24 hours after eccentric activity (post-test 2). After post-test 2, glutamine was administered immediately and measurements of leg muscle strength and knee joint ROM 48 hours were performed again after eccentric activity (post-test 3). After post-test 3, glutamine was administered immediately again and measurements of leg muscle strength and knee joint ROM 72 hours were performed again after eccentric activity (post-test 4). Eccentric activity (10 jump drop 10 sets of reps), Glut 1: Glutamine administration immediately after post test I, Glut 2: Glutamine administration 24 hours after eccentric activity, Glut 3: Glutamine administration 48 hours after eccentric activity, A1: Mineral water administration immediately after post test I, A2: Mineral water administration 24 hours after eccentric activity, and A3: Mineral water administration 48 hours after eccentric activity.
RESULTS
Data retrieval produced primary data and supporting data, ie weight, height, leg muscle strength, and knee joint ROM. The result of paired t test of knee joint ROM in control group showed decreased ROM after 1 hour, 24 hours, 48 hours and 72 hours post eccentric activity. However at 72 hours an increase in ROM from 24 hours and 48 hours. In treatment group, the decline in ROM also occurred at 1 hour, 24 hours, 48 hours and 72 hours after eccentric activity. However, at 72 hours, the increase occurred from 1 hour, 24 hours and 48 hours (Fig. 3 , Table 5 ). The results of 2-sample independent t test between control and treatment groups showed differences in leg muscle strength and knee joint ROM after eccentric activity in treatment group (receiving glutamine) and control group (receiving mineral water). Fig. 3 . Knee joint ROM. Table 6 shows that the difference in leg muscle strength 1 hour after and before activity between control and treatment groups did not differ significantly (p=0.129).
At 24 hours after eccentric activity, leg muscle strength between control and treatment groups also did not differ significantly. This was indicated by delta 5 with p value 0.078. It also occurred 48 hours after eccentric activity, when leg muscle strength between control and treatment groups also did not differ significantly, as indicated by delta 6 with p=0.161. But at 72 hours after eccentric activity, leg muscle strength between control and treatment groups also differed significantly, as indicated by delta 7 with p=0.000. Therefore, it can be concluded that the administration of glutamine after eccentric activity increases leg muscle strength at 72 hours more than with mineral water delivery. Difference of knee joint ROM 1 h after and before activity between control and treatment group did not show significance with p value of 0.518. In 24 h after eccentric activity, knee joint ROM between control and treatment group was not significantly different. This was indicated by delta 5 with a value of p=0.368, while at 48 hours after eccentric activity, knee joint ROM between control group and treatment group differed significantly. This was indicated by delta 6 with p=0.011. It also happens at 72 hours after eccentric activity, knee joint ROM between control group and treatment group differed significantly, as indicated by delta 7 with p=0.000. It can therefore be concluded that, compared with mineral water, the administration of glutamine after eccentric activity does not produce higher increase of knee joint ROM at 48 hours, but does it 72 hours.
DISCUSSION
Eccentric activity is one type of resistance activity that often cause pain and muscle damage. This is because when performing the eccentric activity the muscle undergoes maximum elongation in order to produce maximum power (Burnley et al 2010) . In this study, paired t test in the treatment group showed that leg muscle strength between 1 hour and 24 hours after eccentric activity showed no significant difference (p=0.869). After 1 hour of eccentric activity the treatment group in this study received glutamine intake of 0.4 grams/kg/day. Thus, at 24 hours after the administration of glutamine muscle strength had not been able to increase. Then, paired t test on leg muscle strength of treatment group between 1 hour and 48 hours after eccentric activity showed no significant difference (p=0.243). After the administration of glutamine at 1 hour and 24 hours after eccentric activity, the mean leg muscle strength still had not been able to increase. Whereas, paired t test on leg muscle strength of treatment group between 1 hour and 72 hours after eccentric activity showed significant difference (p=0.000). After the administration of glutamine at 1 hour, 24 hours and 48 hours after eccentric activity, the mean leg muscle strength was increased (Fig 2) . Therefore, it can be concluded that glutamine intake can increase muscle strength at 72 hours after eccentric activity.
In the body glutamine is synthesized in the metabolism of amino acids and adequate amino acid intake will affect the use and release of glutamine after eccentric activity (Parry et al 1990) . Glutamine also plays a role in the formation of collagen (via proline synthesis), nucleotides (via pyrimidine and purine synthesis) and phospholipids. These three elements are very important in the manufacture of new cells. In addition, glutamine will provide alpha-ketoglutarate that enters into the krebs cycle as oxidative fuel for cells that multiply rapidly. Therefore, glutamine will accelerate the replacement or repair of tissue on body parts damaged by illness or injury (BPOM 2008) .
Increased muscle protein synthesis and decreased muscle protein breakdown result in a positive muscle protein balance (Hulmi et al, 2010) which is required over a period of time to replace damaged muscle protein or to build muscle protein (regeneration). Muscle regeneration is very important to help reduce the decrease in muscle strength after eccentric activity (Jackman 2011) . ROM is affected by the flexibility of muscles and muscle groups that surround the joints. If muscle flexibility is lacking, joints can not perform ROM fully. In addition, ROM is also influenced by several factors, such as joint mobility and ligament capsules, fascia, and muscle strength (Luttgens & Hamilton 1997) . Swelling, inflammation and disturbances in myofibrils after eccentric activity leads to an increase in passive muscle stiffness that results in decreased ROM in the affected joints (Willoughby 2003) . In this study, paired t test in the treatment group showed that knee joint ROM 1 hour and 24 hours after eccentric activity had significant difference with p=0.000. This is because there is still a decline in ROM of the joints due to eccentric activity (Fig. 3) . Then, paired t test to ROM in treatment group 1 hour and 48 hours after eccentric activity showed significant difference (p=0.000). Because after glutamine administration at 1 h and 24 h after eccentric activity there was still a decline in mean knee joint ROM (Table 4) . In other hand, paired t test to ROM in treatment group 1 hour and 72 hours after eccentric activity showed significant difference (p=0.000). Because after glutamine administration at 1 h, 24 h and 48 h after eccentric activity there was an increase in mean knee joint ROM. It can be concluded that glutamine intake may increase knee joints ROM at 72 h after eccentric activity.
CONCLUSIONS
Glutamine administration can increase leg muscle strength and knee joint ROM 72 hours after eccentric activity.
